Ge(II)–M(I) (M = Cu, Ag, Au) Donor-Acceptor-Bonding Hetero-Bimetallic and -Multimetallic Complexes: Synthesis, Structure, and Property by 赵娜
 
学校编码：10384                             分类号      密级       









硕  士  学  位  论  文 
 
Ge(II)–M(I) (M = Cu、Ag、Au) Donor-Acceptor 键作
用下的异双核及多核金属化合物的合成、结构及性能 
Ge(II)–M(I) (M = Cu, Ag, Au) Donor-Acceptor-Bonding 
Hetero-Bimetallic and -Multimetallic Complexes: 
Synthesis, Structure, and Property 
 
赵 娜 
指导教师姓名：  朱红平  教授 
专  业 名 称：  物  理 化 学 
论文提交日期：  2012 年   月 
论文答辩时间：  2012 年   月 
学位授予日期：  2012 年   月 
 
答辩委员会主席：             
评    阅    人：             





















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（                          ）课题（组）经费或实





                                    声明人（签名）： 































（  ）1. 经厦门大学保密委员会审查核定的保密学位论文，于    年    
月    日解密，解密后适用上述授权。 





























族金属 Ge 与第 11 族币种过渡金属 M（M = Cu，Ag，Au）之间 Donor-Acceptor 金属-
金属键的化合物，通过结构和反应机理的考察，揭示其电子给体的本质与性能以及潜在




外、核磁共振、吸收、荧光等）、元素分析、单晶结构表征，来揭示 Ge(II)→M(I)（M = Cu，
Ag，Au）金属-金属 Donor-Acceptor 键。此外本论文还研究了 N-杂环卡宾（NHC）作
为电子给体配体，一价炔铜化合物为电子受体，考察了它们之间的 Donor-Acceptor 作用。
全文主要包括如下四部分内容： 
(一)  Ge(II)–Cu(I)异核金属化合物的合成与性质研究 
LGeMe 与(CuC6F5)4 分别以 1:
1/4 和 1:
2/4 的摩尔比例反应得到中心对称的化合物
[LGe(Me)CuC6F5]2（1）和[LGe(Me)(CuC6F5)2]2（2）。LGeC(SiMe3)N2 与(CuC6F5)4 以 1:
1/4
的摩尔比例反应得到卡宾碳与 Cu(I)配位的化合物 LGe[N(SiMe3)N=C(CuC6F5)]（3）；不
同条件下以 1:2/4 的摩尔比例反应分别得到中心对称的 Ge2Cu2N2 六元金属杂环化合物
[LGe{Cu[C=NN(SiMe3)2]}(μ-NN=C(CuC6F5)]2（4）和化合物 LGe(C6F5)CuC6F5（5）。
LGe(NHAr)（Ar = 2,6-iPr2C6H5）与 (CuC6F5)4 以 1:
1/4 的摩尔比例反应得到化合物




Cu 原子不仅与炔基形成 π-络合键，还形成罕见的 γ-C–Cu 键。在这些化合物中，
Ge(II)→Cu(I)金属-金属 Donor-Acceptor 键无配体支撑。 
(二)  Ge(II)–Ag(I)异核金属化合物的合成与性质研究 

















LGe[C(SiMe3)N2]AgC6F5 （ 8 ） 和 {LGe[C(SiMe3)N2](AgC6F5)2}2 （ 9 ）。 LGeC6F5 与
(AgC6F5·MeCN)n 以 1:
1/n 的摩尔比例反应得到化合物 LGe(C6F5)AgC6F5（10）。LGeC≡CPh
与 (AgC6F5·MeCN)n 以 1:
1/n 的 摩 尔 比 例 反 应 得 到 阴 阳 离 子 对 化 合 物
{[LGe(C≡CPh)Ag(C≡CPh)GeL]+[(C6F5)Ag(C6F5)]






化合物 8−11 都含有无配体支撑的 Ge(II)→Ag(I)金属-金属 Donor-Acceptor 键。 
(三)  Ge(II)–Au(I)异核金属化合物的合成、反应及性质研究 
LGeR（R = Me，C(SiMe3)N2，C6F5，2,6-iPr2C6H3NH，C≡CPh）与 AuC6F5·SC4H8
以 1:1 的摩尔比例反应后，失去 SC4H8 分子，分别得到化合物 LGe(Me)AuC6F5（13）、
LGe[C(SiMe3)N2]AuC6F5（14）、LGe(C6F5)AuC6F5（15）、LGe(2,6-iPr2C6H3NH)AuC6F5
（16）和 LGe(C≡CPh)AuC6F5（17）。异双金属锗卡宾 7 与 AuC6F5·SC4H8 以 1:1 的摩尔
比 例 反 应 后 得 到 一 种 含 有 锗 铜 金 异 三 核 金 属 的 化 合 物
{η3-N,N,C-HC[C(Me)N(Ar)]2(Cu-η
2-CCPh)(C6F5)}Ge(AuC6F5)（18）。化合物 13−18 都含有
无配体支撑的 Ge(II)→Au(I)异双核金属-金属 Donor-Acceptor 键。化合物 13 与单质 S8
反应后，S 原子将 Ge(II)氧化成 Ge(IV)，通过电荷传递形成 Ge–S–Au 键化合物
LGe(Me)=S→AuC6F5（19）。LGeMe 与单质 Se 反应后，Se 原子将 Ge(II)氧化成 Ge(IV)，
生成 Ge=Se 双键化合物 LGe(Me)=Se，再与另一分子的 AuC6F5·SC4H8 反应后 终得到了
Ge–Se–Au 键化合物 LGe(Me)=Se→AuC6F5（20）。 























The thesis focuses on investigation of the Lewis acid-base interaction between group 14 
metal Ge(II) and group 11 coninage metal(I) M (M = Cu, Ag, Au) complexes in an attempt to 
develop a new type of metal-containing electronic donor widely used as support for the 
catalytically organic molecule transformation reactions. The β-diketiminate germylene 
complexes LGeIIR ( L = HC[C(Me)N-2,6-iPr2C6H3]2, R = Me, C(SiMe3)N2, C6F5, 
2,6-iPr2C6H3NH, C≡CPh) are selected as the electronic donor and pentafluorophenyl M(I) 
species ((CuC6F5)4, (AgC6F5·MeCN)n, AuC6F5·SC4H8) are used as the electronic acceptor in 
building a series of ligand-unsupported Ge(II)→M(I) metal-metalloid donor-acceptor bonding 
compounds. These complexes are fully characterized by spectroscopy, spectrometry, and 
elemental analysis as well as by X-ray crystallography. This thesis consists of four sections 
shown as follows. 
(I)  Synthesis and Characterization of Ge(II)–Cu(I) Heterometallic Compounds 
Reactions of LGeMe with (CuC6F5)4 were carried out in the molar ratios of 1:
1/4 and 1:
2/4 
and [LGe(Me)CuC6F5]2 (1) and [LGe(Me)(CuC6F5)2]2 (2) were isolated respectively. 
LGe[N(SiMe3)N=C(CuC6F5)] (3), [LGe{Cu[C=NN(SiMe3)2]}(μ-NN=C(CuC6F5)]2 (4), and 
LGe(C6F5)CuC6F5 (5) were synthesized by reacting LGeC(SiMe3)N2 with (CuC6F5)4 in the 
molar ratios of 1:1/4 and 1:
2/4 under different conditions. Further reactions were accomplished 
between LGe(NHAr) (Ar = 2,6-iPr2C6H5) and (CuC6F5)4 in the molar ratio of 1:
1/4 and then 
LGe(2,6-iPr2C6H3NH)CuC6F5 (6) was obtained. Treatment LGeC≡CPh with (CuC6F5)4 in the 
molar ratio of 1:1/4 afforded a heterobimetallic germylene 
{η3-N,N,C-HC[C(Me)N(Ar)]2(Cu-η
2-CCPh)(C6F5)}Ge: (7), in which two rare π-complexed 
Cacetenyl–Cu and γ-C–Cu bonds were formed. In all these complexes, the Ge(II)→Cu(I) 
metal-metal donor-acceptor bond are formed without ligand-support. 
(II) Synthesis and Characterization of Ge(II)–Au(I) Heterometallic Compounds 
Reactions of LGeC(SiMe3)N2 with (AgC6F5·MeCN)n were carried out in the molar ratios 
of 1:1/n and 1:















were isolated respectively. Treatment of LGeC6F5 and LGeC≡CPh respectively with 
(AgC6F5·MeCN)n in the molar ratio of 1:
1/n afforded LGe(C6F5)AgC6F5 (10) and ion pairs 
compound {[LGe(C≡CPh)Ag(C≡CPh)GeL]+[(C6F5)Ag(C6F5)]
-} (11). A new heterotrimetallic 
GeCuAg complex {{η3-N,N,C-HC[C(Me)N(Ar)]2(Cu-η
2-CCPh)(C6F5)}Ge(AgC6F5)}2 (12) 
was prepared by reacting 7 with (AgC6F5·MeCN)n in the molar ratio of 1:
1/n. In these 
complexes, the Ge(II)→Ag(I) metal-metal donor-acceptor bond are formed without 
ligand-support. 
(III)  Synthesis and Characterization of Ge(II)–Au(I) Heterometallic Compounds 
Treatment of LGeR (R = Me, C(SiMe3)N2, C6F5, 2,6-iPr2C6H3NH, C≡CPh) with 
AuC6F5·SC4H8 in the molar ratio of 1:1 afforded LGe(Me)AuC6F5 (13), 
LGe[C(SiMe3)N2]AuC6F5 (14), LGe(C6F5)AuC6F5 (15), LGe(2,6-iPr2C6H3NH)AuC6F5 (16), 
and LGe(C≡CPh)AuC6F5 (17), respectively. A heterotrimetallic GeCuAu complex 
{η3-N,N,C-HC[C(Me)N(Ar)]2(Cu-η
2-CCPh)(C6F5)}Ge(AuC6F5) (18) was generated by the 
reaction of 7 with AuC6F5·SC4H8 in the molar ratio of 1:1. The Ge(II)→Au(I) metal-metal 
donor-acceptor bond in these complexes are formed without ligand-support. Treatment 13 
with S8 in the molar ratio of 1:
 1/8 afforded compound LGe(Me)=S→AuC6F5 (19), in which 
Ge(II) was oxidated to Ge(IV). The starting material LGeMe can be oxidated with elementary 
Se to form LGe(Me)=Se, which further reacted with one equiv of AuC6F5·SC4H8 to result in 
compound LGe(Me)=Se→AuC6F5 (20). 
(IV) Synthesis and Characterization of N-heterocyclic Carbene-Stabilized Copper Alkynes 
Treatment of (IPM)CuPh with four types of terminal alkynes afforded mononuclear 
compounds (IPM)Cu(C≡CR) (R = Ph, 21; Fc, 22) and binuclear complexes 
(IPM)Cu(C≡C–R'–C≡C)Cu(IPM) (R' = 1,4-C6H4, 23; 1,4-C6H4-1,4-C6H4, 24). These 
complexes all feature the linear geometric core terminated by the IPM. 
Key Words: N-heterocyclic germylene; Organocoinage metal(I) compound; Metal-metalloid 
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